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Abstract.  Selected  North  American  mosquito  species  were  ev  aluated  as  potential  vectors 
of  Rift  Valley  fever  virus.  Field  populations  of  Aedes  canadensis.  Ae.  cant  at  or.  Ac.  excru¬ 
cians.  Ac.  sollicitans.  Ac.  laeniorhynchus.  Ac.  irtscriatus.  Anopheles  bradlcyi-cntcians,  Culex 
salinarius.  C'.x.  tarsalis.  and  C’.v.  ten  nans  perorally  exposed  to  10,:-10':  plaque  forming 
units  of  Rift  Valley  fever  v  irus  readily  became  infected.  Infection  rates  ranged  from  51% 
(65  127)  for  C'.x.  salinarius  to  96%  (64  67)  for  Ac.  canadensis.  Disseminated  infection  rates 
were  generally  greater  at  14  days  than  at  7  days  after  the  infectious  bloodmeal,  and.  with 
the  exception  of  .-In.  bradlcyi-cntcians.  they  were  not  significantly  different  than  the  pooled 
rate  of  59%  for  each  species  tested.  Only  5  55  (9%)  of  the  An.  bradlcyi-cructans  dev  eloped 
a  disseminated  infection.  For  most  of  the  species,  about  half  of  the  mosquitoes  with  a 
disseminated  infection  transmitted  an  infectious  dose  of  virus  to  hamsters.  While  all  species, 
w  ith  the  exception  of  An.  bradlcyi-cntcians.  transmitted  v  irus.  Ac.  canadensis.  Ac.  tacnio- 
rhynchus,  and  C.x.  tarsalis  had  the  highest  vector  potential  of  the  species  tested.  Follow  ing 
inoculation  of  approximately  10' '  plaque  forming  units  ot  v  irus.  100%  of  the  mosquitoes 
of  each  species  became  infected.  For  most  species,  transmission  rates  were  similar  for 
inoculated  individuals  and  those  that  developed  a  disseminated  infection  following  peroral 
infection.  Viral  titers  of  transmitting  and  nontransmitting-disseminated  indiv  iduals  were 
similar  for  all  species  tcstedrThese  data  suggest  that.  ifRift  Valley  fever  virus  was  introduced 
into  North  America,  several  mosquito  species  would  be  capable  of  transmitting  it. 


Rift  Valley  fever  (RVF)  was  first  described  as 
a  veterinary  disease  of  domesticated  ruminants 
in  Kenya  in  1 93 1 . 1  This  viral  infection  is  now 
recognized  as  a  serious,  sometimes  fatal  disease 
of  humans.  Potential  exportation  of  RVF  v  irus 
from  the  enzootic  sub-Saharan  region  of  Africa 
has  been  a  concern  for  many  years.'  4  In  1977. 
RVF  virus  was  introduced  into  the  Nile  Delta  of 
Egypt  and  resulted  in  extensive  morbidity  and 
mortality  among  humans  and  livestock.'  '  A 
subsequent  report  of  a  Canadian  woman  who 
experienced  a  febrile  illness  of  2-3  days  duration 
while  on  safari  in  Mombasa.  Keny  a,  provided  a 
dramatic  example  of  potential  RVF  v  irus  intro¬ 
duction  into  new  geographic  areas,  including 
North  America."  These  events  reinforce 
Eastcrday V  observations  that  ".  .  .  RVF  is  a  po¬ 
tential  threat  to  the  livestock  industry  of  the 
United  States  and  many  othercountries  .  .  ."and 
that,  "the  possibility  of  the  virus  being  intro¬ 
duced  in  infected  human  beings  .  .  .  must  also  be 
considered." 
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Because  of  the  potential  importation  of  RVF 
v  irus  into  North  America,  we  initiated  a  study 
to  evaluate  the  v  ector  potential  of  selected  mos¬ 
quito  species.  Selection  of  the  species  tested  was 
generally  based  on  one  or  more  of  the  following 
criteria:  those  that  are  known  to  feed  on  both 
large  mammals  and  humans:  those  that  occur  in 
large  numbers:  and  those  that  have  been  incrim¬ 
inated  as  v  ectors  of  other  arboviruses. 

MATERIALS  AND  METHODS 

The  following  definitions  are  offered  for  clar¬ 
ification.  Infection  rate  is  the  proportion  of  mos¬ 
quitoes  that  contain  RVF  virus  7  or  more  days 
following  exposure  to  the  v  irus.  Dissemination 
rate  is  the  proportion  of  infected  mosquitoes  w  ith 
virus  in  their  legs.  The  transmission  per  dissem¬ 
inated  rate  (T,,)  is  the  proportion  of  mosquitoes 
with  a  disseminated  viral  infection  that  trans¬ 
mitted  virus  to  a  susceptible  host.  The  trans¬ 
mission  rate  is  the  proportion  of  all  mosquitoes 
(infected  and  uninfected)  that  transmitted  virus 
to  a  susceptible  host.  The  transmission  per  in- 
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Table  I 

Snrth  American  mosquito  >/Vi  ,'<’i  evaluated  tor  vector  potential  ol  Ritt  iallev  fever  virus 

(  oMccuon  data 

Species  Stage  l.ocalii> 


Inics  (  ink’s) 


cinereus  Meigcn 

Larva 

Gogebie  Co..  MI 

Ink’s  (Ochlcrntalus) 

ahserratus  (Felt  &  Young) 

Larva 

Gogebie  Co..  Ml 

canadensis  (Theobald) 

Adult 

Worcester  Co..  MI) 

canlator  (Coquillett) 

Adult 

Somerset  Co..  MID 

diuntaeus  Howard 

Larva 

Gogebie  Co..  MI 

excruaans  (Walker) 

Larva 

Gogebie  Co..  Ml 

lilc/m  (Felt  &  Young) 

Larva 

Gogebie  Co..  Ml 

' iollicitans  (Walker) 

Adult 

Accomack  Co..  V  A 

laeniorhynchus  (Wiedemann) 

Adult 

Accomack  Co..  V 

iedes  ( Protomacleaya) 

triseriatus  (Say) 

Egg 

Worcester  Co..  Ml) 

Anopheles  ( Anopheles ) 

bradleyi  King-crucians  Wiedemann 

Adult 

Somerset  Co..  MI) 

(  ides  (Cldcs) 

salinurnis  Coquillett 

Adult 

Somerset  Co..  Ml) 

tarsalis  Coquillett 

Larva 

Kern  Co..  CA 

C  iile.x  ( Scncule.x ) 

terriians  Walker 

Adult 

Somerset  Co,.  MI) 

I 


ovulated  rale  (T,)  is  the  proportion  of  virus-in¬ 
oculated  mosquitoes  that  transmitted  virus  to  a 
susceptible  host. 

Mosquito  species 

A  previous  study  with  an  Egyptian  strain  of 
Ciile.x  pipiens  and  RVF  virus  demonstrated  the 
potential  adverse  effects  of  laboratory  coloniza¬ 
tion  on  vector  potential.'"  Therefore,  all  mos¬ 
quitoes  used  in  this  study  were  obtained  from 
the  field  as  cither  eggs,  larvae,  or  adults  (Table 
1). 

Adult  mosquitoes  were  collected  with  minia¬ 
ture  light  traps  supplemented  with  CO:  (0.5  kg 
dry  ice),  and  larvae  were  collected  with  dippers. 
Adults  were  maintained  on  apple  slices  and  a  5% 
sucrose  solution  in  cither  30.5  cm’  screen  cages 
or  3.8  liter  cardboard  containers  with  screen  lops 
in  bioclimatic  chambers  at  26°C.  70%-80%  RH. 
and  a  1  5  hr  photophase.  (  v.  tarsalis  larvae  were 
reared  to  adults  in  California  and  shipped  to 
USAMRIID  for  testing.  Larvc  collected  in  Mich¬ 
igan  from  pools  formed  by  the  melting  of  snow 
and  ice  were  reared  in  bioclimatic  chambers  at 
1 8°C  until  adult  eclosion  and  maintained  as  adults 
•»t  26 °C.  Other  details  of  rearing 


and  handling  techniques  were  described  previ¬ 
ously.1" 


I  irtts  and  viral  assays 

The  ZH501  strain  of  RVF  virus  was  isolai .  .. 
during  an  epizootic  in  Egypt'  and  passaged  t\s  i 
in  fetal  rhesus  monkey  lung  cells."  Speci:  > 
were  triturated  as  described  previously 
stored  at  -70°C  until  assayed  for  virus  by  pi 
assay  in  Vero  cells.1-’  Mosquito  legs  and  bou 
were  assayed  separately  to  determine  the  vim 
dissemination  status  of  individual  mosquiioes. 


/  nfectiort  of  mosquitoes 


□ 

□ 


Mosquitoes  were  exposed  to  .RVF  virus  either 
by  intrathoracic  inoculation14  with  approxi¬ 
mately  1 0 1  '■  plaque  forming  units  (PFIJ)  of  virus 
or  by  allowing  them  to  feed  on  anesthetized  gold¬ 
en  Syrian  hamsters  ( Mesocricetiis  auratus I  that 
had  been  inoculated  intrapcritoneally  24  hr  ear-' — — 
licr  with  10JI  PFU  of  RVF  virus.  The  amount  ‘ 

of  virus  ingested  by  or  inoculated  into  mosqui- _ 

toes  was  determined  by  assay  ing  3-5  mosquitoes 
individually  from  each  group  immediately  fol-  — 
lowing  virus  exposure.  After  per  os  exposure  ( '  2  °^e£( 

avuu  aon/or 
oi3t  |  Special 


(<'■>,  1 

1  «  \ 

1 

(r 
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Table  2 

Ritt  I  alley  lever  virus  infection.  dissemination.  and  transmission  rales  tor  nh>sqiiil<H'y  that  imiesied  a  limh  d> o, 
nt  i mis* 


Species 

Inc ubation 
da> 

Inleelmnt 

1  bssermnaiioni 

T  ransnmsion 
per  dissemi¬ 
nated  (T,,i$ 

1  ransnnssion* 

tales 

canadensis 

7 

_ ** 

14  37(51) 

4  14(21) 

4 

34 (10) 

14 

64  67  (^6) 

1213 (42) 

7  12(58) 

7 

13 (54) 

t  a  hi  at  or 

7.  14 

46  54  (85) 

17  27 (63) 

1  17(6) 

1 

35(3) 

ext  nu  tans 

7.  14 

28  34  (71) 

1  5  (20) 

1  1  (100) 

1 

4  (II) 

sollicilans 

7.  14 

123  137  (4()| 

56  82  (68) 

16  56 (24) 

16 

42  (I7) 

nuntorhvnchus 

7 

— 

— 

4  17 (24) 

4 

33(12) 

14 

165  143  (85) 

43  63  (68) 

15  26  (58) 

15 

36(42) 

tn  serial  us 

7 

— 

— 

5  4  (56) 

5 

14 (36) 

14 

71  86  (83) 

18  27 (67) 

0  4  (0) 

0 

15  (01 

\>n>phcli‘s 

I'ladlcvi-cnuians 

7.  14 

74  84  (83) 

5  55 (4) 

0  5  (01 

0 

64  (0) 

(  ’lift  •  x 

* almarius 

7 

75  105  (71) 

12  48 (25) 

— 

i 

66  (2) 

14 

65  127  (51) 

25  32  (78) 

7  3 7  (14) 

6 

54  (1  1 1 

lursalls 

7.  14 

45  52  (88) 

5  10(50) 

4  5  (80) 

4 

1  I  (36) 

trmians 

7 

— 

0  4  (0) 

NA 

0 

34  (0) 

14 

34  53  (74) 

5  7  (71) 

2  5  (40) 

S 

8  (25) 

•  Me.m  Hr  •  ■  *  |>||  .  n 

124.  range  |U' 

m 

!  No  ml'eeted  No  tested  <"«  positi\e). 

;  No  with  Mrus-infected  leg  samples  that  reled  No  mtected  that  reted  ("»  dissemmatedt. 

5  No  disseminated  that  transmuted  No  disseminated  that  reled  ("o  I,,i 
*  No  that  transmitted  total  No.  that  reted  (%  transmission). 

**  hen  the  rates  Idr  da>s  '  and  14  were  not  signilteanils  dillerem  trom  each  other.  the>  were  pooled  and  listed  under  das  14  It  the;  v.en 
signilu anils  different  h>  the  \  test  (/’  u  ns>  then  the>  were  listed  separated  lor  davs  ^  and  14 
N  \  not  applicable 


In  ),  the  mosquitoes  were  anesthetized  with  CO- 
and  replete  females  were  removed  and  trans¬ 
ferred  to  a  new  cage  and  maintained  as  described 
above.  Partially  engorged  and  unengorged  fe¬ 
males  were  discarded.  To  monitor  viral  repli¬ 
cation.  dissemination,  and  the  ability  of  mos¬ 
quitoes  to  transmit  virus,  samples  were  tested 
after  different  incubation  periodsand  then  stored 
at  70°C’  until  assayed  for  virus. 

I  Ira!  transmission 

Four  days  after  per  os  exposure  to  RVF  virus, 
mosquitoes  were  provided  an  appropriate  op¬ 
position  substrate.  These  mosquitoes  were  al¬ 
lowed  to  refeed  individually  on  susceptible  ham¬ 
sters  following  7  and  14  days  incubation. 
Mosquitoes  were  placed  individually  in  either 
large  screen  cardboard  cartons  (3. 8  liter)  to  which 
a  hamster  was  added  or  in  small  screen  cages 
(6x3x2  cm)  which  were  then  placed  individ¬ 
ually  on  the  abdomens  of  anesthetized  hamsters. 
Hamsters  were  then  caged  individually  and  ob¬ 
served  for  a  minimum  of  21  days.  Because  in¬ 
fection  with  RVF  virus  is  essentially  IO()%  fatal 


for  hamsters.1"  hamster  death  was  used  as  the 
criterion  for  v  irus  transmission.  Approximately 
4  hr  after  each  transmission  attempt,  species 
identification  was  confirmed  and  feeding  status 
determined  under  a  dissecting  microscope.  Ml 
mosquitoes  were  ihen  frozen  at  -  70°C'  until  as¬ 
sayed  for  virus.  Mosquitoes  inoculated  with  v  i¬ 
rus  were  allowed  to  refeed  individually  on  sus¬ 
ceptible  hamsters  after  incubation  for  10-1  2  days, 
and  thereafter  handled  as  the  per  os  exposed 
mosquitoes. 

RESULTS 

Oral  exposure 

All  species  tested  were  readily  susceptible  to 
infection  with  RVF  virus  following  ingestion  of 
between  10’’ ’and  10  ’  PFU  of  this  virus  (Table 
2).  As  expected,  infection  rates  were  generally 
lower  when  smaller  doses  of  v  irus  were  ingested 
(data  not  shown).  However,  even  when  only  1 0J 
PFU  were  ingested,  infection  rates  were  ov  er  70% 
in  3  of  the  4  species  tested 

In  conti.ivt  to  the  similarity  of  infection  rates 
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Table  3 

Rill  l  alley  fever  virus  transmission  rules  and  viral  tilers  lor  mosquitoes  that  i sere  mirathoracically  unKuluhc 
.1  llll  i  inis* 


Spa  ivs 

I  runsmission  rale* 

I 

Sigmi’s  jikc> 

.  Idles 

uhserratus 

1  2  (50) 

_ 

— 

canadensis 

26  26  1 100) 

1131  (35) 

V 

0,001 

m  ntal  nr 

7  30(23) 

1  1  7  (6) 

NS 

awreus 

2  8  (25) 

— 

— 

dnintaeiis 

9  9  (100) 

— 

- 

e.xcruaans 

6  21 (29) 

1  1  (100) 

NS 

tin  lui 

1  16(6) 

— 

— 

sol! in  tans 

4 1  SO  ( 5  1 ) 

22  78 (281 

r 

0.0(1 

taemnrhvm  hus 

10  15(67) 

20  47 (43) 

NS 

tnwiatus 

3  15 (20) 

5  18(28) 

NS 

Inoyheles 

hrtitifvyhi  tiu  inns 

I)  55  (0) 

0  6  (0) 

NS 

(  u/cx 

sahnanus 

52  99 (52) 

8  40(20) 

p 

■  ().("' 

larsuhs 

22  22 (100) 

6  7  (86) 

NS 

urn  tan s 

21  47  (45) 

5  13 (38) 

NS 

•  Vli.in  III'-  ' 

+  Number  thui  transmittal  No  innuiLital  »"•.  iransnnuin^i 

:  Number  disseminated  ihat  transmittal  No  disseminated  that  reled  ("<•  transmitting) 

s  Prohahihix  that  the  difference  hetween  the  tiansimssion  rate  and  the  I  mvurred  h\  i  hana-.  NS  /’  < 1  Id 


among  the  species  tested,  viral  dissemination  to 
the  hemocoel  was  significantly  lower  (x:.  /’  ■ 
0.001)  in  In.  hnu/leyi-t  nteta/rs  (5  55.  9%)  than 
in  the  Aedes  (166  254.  65%)  or  Cidex  (47  106. 
44%)  species  tested  (Table  2).  The  dissemination 
rates  for  the  latter  2  genera  were  also  significantly 
different  ( \  P  0.001).  However,  this  latter 
difference  may  be  accounted  for  by  the  time  of 
extrinsic  incubation  when  they  were  sampled. 
For  instance,  dissemination  rates  on  day  14  were 
nearly  identical.  73%  and  72%  for  the  2  genera, 
respectively.  In  all  3  genera,  dissemination  rates 
were  generally  higher  in  mosquitoes  tested  on 
day  14  than  in  those  tested  on  day  7  (data  not 
shown).  While  sample  si/es  for  most  species  were 
too  small  to  have  much  statistical  power,  dis¬ 
semination  rates  were  significantly  higher  at  day 
1 4  than  at  day  7  for  both  the  pooled  lech’s  species 
t\'.  P  0.05)  and  pooled  (  u/e\  specks  (y  . 
P  -  0.00 1). 

As  with  dissemination  rates,  transmission  rates 
were  generally  higher  in  mosquitoes  tested  on 
day  1 4  than  in  those  tested  on  day  7.  While  none 
of  a  total  of  69  orally  exposed  In.  bradleyi-cru- 
cuin.s.  including  5  with  disseminated  infection, 
transmitted  virus  nM  other  sneries  tested  suc¬ 
cessfully  transmitted  virus  by  bite.  However,  even 
for  mosquitoes  with  a  disseminated  infection, 
transmission  rates  were  less  than  100%  for  each 


species  tested,  with  the  exception  of  Ac  < 
cnins.  The  100%  T, ,  for  this  species  was  iv  . 
on  a  single  specimen. 

For  each  of  the  X  species  in  which  there  \w. 
both  transmitting  and  nontransmitting-disse 
mated  individuals,  there  was  no  significant  <i" 
ference  in  leg  titers  between  the  transmitting  w 
nontransmitting-disseminated  mosquitoes.  I 
leg  liter  could  not  be  used  to  separate  trails, 
ting  from  nontransmitting  indiv  iduals  in  a- 
the  species  tested. 

Inoculated  mosquitoes 

Following  inoculation  with  =  I01’  PFl  ofK\  ! 
virus,  all  of  the  mosquitoes  in  each  species  b< 
came  infected.  Transmission  rates  for  orally  ex 
posed  mosquitoes  w  ith  a  disseminated  infcctior 
finoindine  those  with  a  disseminated  infection 
follow  ing  ingestion  of  :  10'"  PFI  '  of  virus)  ami 
those  inoculated  with  RVF  virus  were  not  sia 
tisucally  different  for  most  species  tested  (  Fab! 
3).  However,  inoculated  le  canadensis.  |(  . 
Ilcirans.  and  (  v.  sahnanus  were  signilieantlv  more 
efficient  transmitters  than  or  lb  ••*;'',sc'i  - 

viduals  of  these  same  species  with  disseminated 
infections.  Not  only  was  In  bradleyi-cnu  tarn 
the  only  species  that  failed  to  transmit  RVF  v  mis 
(0  55).  but  also,  the  mean  viral  titer  recovered 
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Table  4 

Summary  of  vector  potential  of  V  species  of  .Xorth  American  mosquitoes  that  ingested  Rift  I  'alley  fever  virus 

Potential*  for 

Species  Infection  Dissemination  Transmission  Vector  potential 


lodes  (Ochlerotatus ) 

canadensis  -  — 

taeniorhynchus  - 

(  iile.x  {Cities)  tarsalis  - 

le.  {Protomacleaya) 

trisenatus  -  -  - 

C\  (Xeoeulex)  territans  -  -  - 

!i  (Och.)  sollicitans 

cant  at  or  -  -  - 

(  v.  K  ill.)  salinarius  -  — 

I nopheles  {Anopheles) 

hradleyi-crucians  - 

*  I  lii:h  ■  •  *  * .  medium  -  •  •  .  low  -  •  .  and  \er\  poor  -  d. 

from  this  species  (10"1 1  PFU/mosquito)  was  sig¬ 
nificantly  lower  (/’  <  0.001)  than  that  reco'ered 
from  any  of  the  other  species  tested.  However, 
as  with  the  disseminated  mosquitoes  in  the  oral 
exposure  experiment,  there  was  no  significant  dif¬ 
ference  in  titer  between  transmitting  and  non¬ 
transmitting  inoculated  mosquitoes  for  each 
species  tested.  Mean  viral  titers  were  similar  for 
the  Acdes  and  Citle.x  species  tested,  and  ranged 
from  1 0J  x—  1  O'  ”  and  from  10'"- 10''  for  the  2 
genera,  respectively. 

DISCUSSION 

These  studies  suggest  that  if  RVF  virus  were 
introduced  into  North  America,  several  mos¬ 
quito  species  known  to  commonly  feed  on  large 
mammals  and  humans  would  be  capable  of 
transmitting  this  virus.  A  relative  classification 
of  the  vector  potential  of  the  per  os  exposed  mos¬ 
quitoes  is  presented  in  Table  4.  The  vector  po¬ 
tential  ranged  from  very  good  for  ,1c.  canadensis, 
le.  taeniorhynchus.  and  C.x.  tarsalis  to  very  poor 
for  In  hradleyi-crucians.  Intermediate  levels  of 
sector  potential  were  recorded  for  the  other  Cit¬ 
ies  species  ( salinarius  and  territans )  and  Acdes 
species  (canlator.  sollicitans,  and  trisenatus). 

There  appear  to  be  at  least  3  general  types  of 
transmission  patterns.  In  the  first,  represer'.d 
by  An.  hradleyi-crucians.  viral  transmission  w<as 
extremely  inefficient.  While  this  species  was 
readily  susceptible  to  infection  with  RVF  virus 
following  per  os  exposure,  most  of  the  In.  hrad- 


-  -  Very  good 

Very  good 
Very  good 

-  Moderate 
Moderate 
Moderate 

+  Moderate 

-+•  Moderate 

0  Very  poor 


tcyi-crucians  failed  to  develop  a  disseminated 
infection.  Furthermore,  when  the  midgut  was 
circumvented  by  inoculation,  this  species  still 
failed  to  transmit  virus,  suggesting  the  presence 
ofa  salivary  gland  “barrier."1'  Similar  inefficient 
transmission  has  also  been  reported  for  RVF  vi¬ 
rus-inoculated. In.  alhi  mantis  ( 1/28. 4%)  and  An. 
Stephens i  (02 1 .  0%)."’ 

In  the  second  pattern,  typified  by  C.x.  tarsalis. 
dissemination  from  the  midgut  appeared  to  be 
the  primary  determinant  of  s  ector  competence, 
as  nearly  all  of  the  individuals  with  a  dissemi¬ 
nated  infection  (28  29.  97%)  transmitted  virus. 
This  is  the  same  pattern  reported  for  C.x.  pip- 
iens."  16 

A  third  pattern  is  illustrated  by  Ae.  taenio¬ 
rhynchus.  in  which  both  dissemination  from  the 
midgut  and  a  “salivary  gland  barrier"  appeared 
to  determine  vector  competence.  In  this  group, 
dissemination  of  virus  from  the  midgut  was  time- 
dependent.  with  increased  dissemination  rates 
occurring  w  ith  longer  extrinsic  incubation.  How  ¬ 
ever.  unlike  with  the  second  pattern,  dissemi¬ 
nation  from  the  midgut  was  not  the  sole  deter¬ 
minant  for  transmission,  as  not  all  of  the 
inoculated  Ae.  taeniorhynchus  transmitted  virus 
and  only  30  62  (48%)  of  the  individuals  with  a 
disseminated  infection  transmitted  virus  by  bite. 

The  snoyv  melt  mosquitoes  were  difficult  to 
maintain  and  were  reluctant  to  feed  on  hamsters. 
Thus,  their  vector  potential  for  RVF  virus  could 
not  be  assessed  follow  ing  peroral  exposure.  How  ¬ 
ever.  following  inoculation,  all  these  species 
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transmitted  RVF  virus.  Thus,  these  species  might 
also  be  competent  vectors  following  oral  expo¬ 
sure. 

In  nature,  efficiency  of  transmission  of  viral 
agents  by  arthropod  vectors  is  dependent  upon 
many  factors  in  addition  to  whether  or  not  an 
arthropod  can  transmit  in  the  laboratory  .  These 
include  specific  interactions  between  the  vector, 
the  pathogen,  the  host,  and  the  environment, 
such  as  vector  and  susceptible  host  density,  geo¬ 
graphic  distribution,  longevity,  dispersal  pat¬ 
terns,  and  feeding  preferences.  If  enough  of  these 
critical  factors  come  together  in  space  and  time 
then  it  is  possible  for  a  marginal  or  poor  labo¬ 
ratory  vector  to  be  transformed  into  a  major  epi¬ 
zootic  vector  in  nature.  For  example.  Ae.  solli- 
eitans  and  Or.  sahnanus  were  not  as  efficient  at 
transmitting  RVF  virus  in  the  laboratory  as  was 
C'.v.  territans.  However,  because  Ae.  sollicitans 
and  C'.v.  salinarius  feed  on  both  large  mammals 
and  humans  while  C'.v.  territans  primarily  feeds 
on  reptiles  and  birds,  Ae.  sollicitans  and  C’.v.  sal- 
inarius  probably  have  greater  potential  to  serve 
as  vectors  of  RVF  virus  in  North  America  than 
docs  C'.v.  territans. 

Mosquitoes  ingested  104l-107-'  PFU  of  RVF 
virus  in  these  studies.  These  titers  represent  vi- 
remias  of  10'’ ft—  I  O'' 7  PFU  per  ml  of  blood.  Dur¬ 
ing  the  RVF  outbreak  in  Egypt,  viremias  in  hu¬ 
mans  reached  1 0* 6  suckling  mouse  intracerebral 
LDm,  (about  10"  PFU)  per  ml  of  blood.  As  the 
incubation  period  for  humans  is  2  to  6  days  and 
viremias  last  3  to  4  days,'7  people  exposed  to 
RVF  virus  in  Africa  could,  on  their  return  to 
North  America,  be  circulating  sufficient  virus  to 
infect  North  American  mosquitoes.  While  there 
are  no  field  data  on  viremia  titers  produced  in 
North  American  strains  of  sheep  and  cattle,  lab¬ 
oratory  studies  indicate  that  newborn  sheep  pro¬ 
duce  viremias  in  excess  of  10"  PFU  per  ml  of 
blood  (M.  J.  Turell  and  C.  L.  Bailey,  personal 
communication). 

Hoch  ct  al."*  demonstrated  that  several  North 
American  insects  could  mechanically  transmit 
RVF  virus  under  laboratory  conditions  either 
from  hamster  to  hamster  or  from  hamster  to 
sheep.  I  hus.  in  addition  to  the  potential  for  bi¬ 
ological  transmission  of  RVF  virus  described  in 
this  study,  there  is  also  the  potential  for  me¬ 
chanical  transmission  by  hematophagous  in¬ 
sects. 

Therefore,  there  is  reason  to  believe  that  if 


RVF  virus  were  introduced  into  North  America, 
it  might  cause  major  epizootics  in  both  the  sheep 
and  cattle  populations  and  that  there  is  a  high 
probability  that  human  infections  would  also  oc¬ 
cur 
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